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ABSTRACT  
 

This study aims to conduct laboratory experiments designed to improve students' skills and understanding of 
environmental remediation of Rare Earth Elements (REEs) extraction from red mud, using Eutectic Ionic Liquids 
(EILs). The research subjects consisted of 15 chemistry education students in Bandung City. The method is pre-
experiment with one group pretest-posttest design. With the first research step, students filled in pre-test 
questions before doing the practicum, then students were directed to carry out laboratory experiments by 
starting the preparation of drying and smoothing red mud. Furthermore, the preparation of making Betain-
Levulinic Acid EILs and extracting red mud using EILs based on predetermined work procedures. And finally, 
students are asked to write down the results of the practicum on the Practicum Worksheet and students are 
asked to fill out a post-test. Based on the results of the study found differences in the ability and understanding 
of student laboratory experiments seen from the pre-test and post-test assessment scores there is a significant 
difference that it can be stated to have improved learning. The laboratory experiment learning method can 
provide field practice experience for chemistry education students in supporting the achievement of SDGs 
point 15, namely terrestrial ecosystems that focus on restoring land degradation.  

Keywords: Chemistry Education, Environmental Remediation, Eutectic Ionic Liquids (EILs), Experiment 
laboratory, Rare Earth Elements (REEs) 
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1. INTRODUCTION  
 

21st century education incorporates knowledge, skills and attitudes as well as mastery 
of technology. Learners must also have higher order thinking skills, which are essential to 
prepare them for challenges around the world (Putri, 2019). Learning outcomes are the 
abilities possessed by students after learning, which manifest in the form of cognitive, 
affective, and psychomotor abilities. The degree of ability obtained by students is realized 
in the form of learning outcome scores (Dulun & Lane, 2023). 

 
As a developing country, Indonesia continues to keep up with technological 

advances. The rapid pace of technology not only has positive effects on the environment 
but also has negative effects. In Indonesia, this is also a significant problem. Indonesia began 
to launch sustainable development as a way to overcome environmental problems. 
Sustainable development has been proclaimed for all aspects of life, so this concept can be 
applied in all fields, including education (Al Idrus et al., 2020). Educators by providing 
environmental knowledge to students and training them to foster an attitude of 
environmental care, students will have the willingness to prevent damage to the surrounding 
natural environment and develop efforts to repair natural damage that occurs (Fitriati et al., 
2019). 

 
Creative and high-level thinking approaches in environmental and sustainable 

chemistry education in the context of sustainability education, research and practice, 
academics, chemists and engineers have developed tools and metrics using environmentally 
friendly chemistry and engineering principles that help students and practitioners to think 
holistically about learning reactions, characteristics, chemical processes and product 
implications related to the practicum method (Peretz  et al., 2023). With the learning of 
environmental chemistry education, students can handle the impact and mitigation of 
environmental pollution, practice and be able to find solutions through reading, searching 
from various literature or environmental issues, using available technology and creating 
projects or research innovations in the laboratory to tackle environmental pollution 
(Childress et al., 2020).  Therefore, with the existence of environmental chemistry practicum, 
students can be on the impact and prevention of environmental pollution, practice and be 
able to find solutions by reading, searching from various literature or environmental issues, 
using available technology and creating projects or research innovations to overcome 
environmental pollution. Thus, science education, especially chemistry, has a very important 
role in building a generation that has future skills. 

 
Environmental chemistry can equip future generations with the skills to achieve the 

SDGs, thus bringing the world closer to a sustainable society (Hurst, 2020).  Thus, 
environmental chemistry learning in Chemistry education really requires supporting 
activities in the form of laboratory experiments (Babich et al., 2020).   This is because the 
experimental method is a form of learning method that can train the improvement of 
creative process skills and higher-level thinking (Malmia et al., 2019). The laboratory 
experiment innovated in this research is environmental remediation that can recover Rare 
Earth Metal elements (REEs) from Red Mud using environmentally friendly Eutectic Ionic 
Liquid (EILs) by supporting the achievement of SDGs point 15, namely terrestrial ecosystems 
that focus on restoring land degradation. 
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Environmental remediation aims to restore, clean or repair areas affected by 
environmental pollution or damage (Wu et al., 2019). REEs is commonly found in the by-
products or waste of mineral or refining processes, for example, the refining of alumina 
derived from bauxite through the Bayer process (Khairul et al., 2019). The residual waste 
produced during this process, known as red mud, has a pH of around 12, a characteristic 
that poses considerable ecological risk (Wei et al., 2021) and has the potential to cause 
environmental pollution (Dudin et al., 2019). The REEs in red mud is in an unconcentrated 
state and thus require sustainable metal separation or leaching techniques and innovations 
(Xiao et al., 2020). 

 
 
Based on previous research, there are various techniques/methods available for the 

recovery of REEs. Among them, the pyrometallurgical approach uses a thermal treatment 
method to extract iron from red mud (Khairul et al., 2019). However, this method costs a 
large amount of energy consumption from the overall production cost because of which its 
application in industry is limited (Wei et al., 2022). In addition, the utilization of acid leaching 
techniques involving sulfuric acid increases the leaching efficiency of REEs, especially 
scandium (Deng et al., 2019). However, this method has the potential to pollute the 
environment due to excessive acid usage (Wei et al., 2022). Then, hydrometallurgical 
recovery method, which is recovering metals from red mud using water, is an alternative 
method for REEs recovery (Kahirul et al., 2019). However, this method is quite complicated 
because it requires a series of steps including pre-treatment, acid leaching, solvent 
extraction, precipitation, calcination, and others (Wei et al., 2022). Based on the drawbacks 
of the above-mentioned methods, there is a need to find an alternative method 
characterized by better energy efficiency, use of more environmentally friendly solvents, and 
better operational simplicity. The solvometallurgical method is a potential solution to fulfil 
this need.  In solvometallurgical methods, the aqueous phase is replaced by organic solvents, 
and the solvometallurgical route produces less waste solution and is more selective than 
hydrometallurgical processes (Peeters et al., 2020) for metal extraction (Orefice et al., 2022). 
With the solvometallurgical method in REEs recovery in red mud can use Ionic Liquids (ILs). 
Over the past 20 years REEs have received great attention in various fields such as catalysis, 
electrochemistry, materials chemistry, and biomass pre-treatment (Sahin, 2019). ILs are also 
referred to as molten salts, organic salt liquids, or neoteric solvents under room temperature 
conditions. ILs can be used in both aqueous and conventional organic media (Singh & Savoy, 
2020). However, conventional ILs have the disadvantages of high volatility, flammability, and 
instability (Liu et al., 2021).  
 

These characteristics are not favourable for wider application. Therefore, alternative 
formulations and methods for the synthesis of ILs are required, among others through the 
development of EILs. EILs can be synthesized using eutectic mixing techniques, which involve 
combining Lewis or Bronsted acids and bases. These components can contain various 
anionic and/or cationic species, the former serving as negative ions hydrogen bond 
acceptors (HBA) characterized by their electronegativity and the latter as neutral molecules, 
acting as hydrogen bond donors (HBD) (Husraini et al., 2020; Li et al., 2022). EILs are 
renewable due to their fatty acid utilization, and can be modified in polarity, making them 
more compatible for REE recovery from red mud (Abranches et al., 2020). EILs are easier to 
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synthesize, economical, environmentally friendly, and have low toxicity and biodegradable 
properties (Gajardo-Parra et al., 2019). 

 
Recovery of REEs has been carried out by Yan et al. (2021) using EILs based on 

guanidine hydrochloride and lactic acid. This system showed high REEs recovery with the 
addition of oxalic acid during extraction. However, the recovery process involves calcination 
at high temperatures, which is not energy efficient. Another simulation study conducted by 
Sert et al. (2020) EILs from choline chloride and several carboxylic acids and used as catalysts 
for the conversion process of levulinic acid to ethyl levulinate with the addition of ethanol. 
Among these studies, Abranches et al. (2020) reported that carboxylic acid groups on 
betaine (HBA) can result in better binding strength to metals during the recovery of REEs. 
The incorporation of carboxylic acid group (RCOO) on cis-oleic acid (HBD) and carboxylic 
acid group on betaine (HBA) is a potential solvent system to be used in leaching and 
extraction of REEs from red mud. 
 

The basis of this research, the purpose of this study is to develop environmental 
chemistry laboratory experiments in chemistry education with environmental remediation 
innovations that can recover REEs from red mud using EILs based on betaine-levulinic acid 
with a molar ratio of 1:7 based on the principles of waste management in the 4Rs, namely 
reduce, reuse, recycle, and replace. 
 
 
2. THEORETICAL FRAMEWORK 

 
2.1 Underlying Theory Related to Research 

 
  Learning is a dynamic interaction between social conditions, thinking development 
goals, learning theories and supporting technology as a basis for building abilities in the 
intellectual domain (cognitive), attitudes (affective) and motor skills (psychomotor) in 
achieving competence as a whole in accordance with certain expertise (Do et al., 2019). The 
education process in Indonesia is generally always related to or inseparable from the 
environment. The purpose of implementing education should have a positive impact on the 
environment, but now there are many environmental problems that are marked by 
increasing environmental damage. In education, it can increase awareness of the 
environment. Education can help in still life values in the environment (Fitriati et al., 2019). 
Environmental chemistry as a part of chemistry really needs practical activities in its learning 
process. Practical activities in the laboratory are an important part of learning environmental 
chemistry (AI-Idrus, 2020). The purpose of learning environmental chemistry is to increase 
students' understanding of how chemists contribute to environmental problems such as soil 
pollution, hazardous waste, and climate change. Students must gain an understanding of 
the value of environmental conservation and how chemical experts and academics can 
contribute to finding solutions by studying environmental chemistry (Gedrimiene et al., 
2020). In this case, education stakeholders must take strategic actions to face the challenges 
that arise in today's modern global era. To support certain skills in the technical education 
curriculum, especially chemistry education, learning environmental chemistry laboratory 
experiments, the purpose of implementing education should have a good impact on the 
environment, but currently there are many environmental problems characterized by 
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increasing environmental damage. In education can increase awareness of the environment. 
Education can help in still life values in the environment (Fitriati et al., 2019). Environmental 
chemistry as one part of chemistry really needs practicum activities in the learning process, 
with environmental chemistry learning outcomes listed in Table 1. Practical activities in the 
laboratory are an important part of learning environmental chemistry (AI-Idrus, 2020). 
  
  Ideally laboratory activities should provide deep understanding, creative approaches 
and problem solving. Laboratory activities should emphasize students on the benefits of 
independent experimentation, prediction and interpretation and not just cookbook 
exercises. Chemistry laboratories are not just for practicing whether the reaction matches 
the theory but also must develop creative and critical thinking processes by asking questions 
about why the reaction was like that. Chemistry laboratories are not only about the result 
but also the process of inquiry can be developed (Mirowsky, 2020). 

 
Table 1. Environmental Chemistry Course Learning Outcomes (CLO) Focus on Soil Pollution 

CLO 
Code 

CLO Sub-CLO 

M5 

Analyses various chemical 
compound transformations 

in the lithosphere/land 
environment. 

Explain various transformations of 
chemical compounds in the lithosphere 

environment (types and characteristics of 
chemical compounds in the lithosphere, 
soil chemistry, formation of various types 

of minerals and chemical reactions in soil). 

M6 
Analyses the types, sources, 
and impacts of soil pollution 

and its countermeasures. 

Explain the types, sources and impacts of 
soil pollution and its countermeasures 

(soil pollution, types and sources of soil 
pollutants, leaching/ nutrient loss 

phenomenon, impacts of soil pollution 
and soil pollution countermeasures). 

 
2.2 Theoretical Knowledge of Environmental Remediation (Rare Earth Metals in 

Red Mud and EILs) for Environmental Chemistry Learning 

   
  Rare earth elements (REEs) include 17 chemical metal elements, including 15 
lanthanides, scandium (Sc) and yttrium (Y) (Salman et al., 2021). The abundance of REEs 
exceeds other elements in the earth's crust. REEs is generally found in nature in a small and 
limited distribution. However, these elements are very difficult to mine because their 
concentrations are not high enough and these seventeen metal elements have many similar 
properties and are often found together in one geological deposit (Effendi et al., 2020).  
 Generally, REEs are more abundant in karst bauxite than laterite. Based on a case study of 
the distribution of lanthanum, scandium, cerium and yttrium in the Bayer process, it can be 
concluded that almost all REEs can be processed from bauxite ore resulting in bauxite 
residue in the form of red mud (Rivera et al., 2019). Then hydrometallurgical, 
solvometallurgical, and complex methods for the selective separation of aluminium, 
titanium, and sodium, and REEs from red mud, including the economic feasibility and 
environmental impact of the process, using alkaline or acidic solutions, eutectic ionic liquids, 
bacterial cultures, and microorganisms. 
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  Solvometallurgy is considered a new branch of extractive metallurgy. Solvometallurgy 
utilizes processes that involve solvents other than water. These solvents can be molecular 
organic solvents, ILs and EIls (Orefice & Binnemans 2021). The stages of the 
solvometallurgical method can be carried out by the process of mixing two or more different 
analytes consisting of extractants or diluents or phase shifters at a predetermined ratio in a 
tube that is heated and shaken until homogeneous mixing (Orefice et al., 2022). EILs are 
promising solvent alternatives because the synthesis process is simple, biodegradable, 
economical and can be tailor-made to suit targeted applications. Generally, EILs are 
composed of hydrogen bond donors (HBD) that can act as and hydrogen bond acceptors 
(HBA), which are linked to each other through hydrogen bond interactions, where the 
eutectic solution has a much lower melting temperature than its constituents (Husraini et 
al., 2020). The EILs that will be used to remediate red mud in the soil environment by 
recovering REEs are a mixture of Betaine and Levulinic acid with an optimum molar ratio of 
1:7. 
 
 
3. RESEARCH METHODS  
 
3.1 Experimental Design 

 
This study is pre-experiment research. The design of this study is one-group pre-test 

post-test design. In this study, student learning outcomes were measured twice, namely, 
before and after giving treatment in the form of laboratory activities regarding the recover 
REEs from red mud using environmentally friendly EILs. The results of the treatment can be 
known more accurately, because it can compare with the situation before and after 
treatment. The types of questions used pre-test and post-test are 5 essay questions with 
explanatory answers. Instrument assessment is made rubric with a maximum score of 20 
points for each question, namely with criteria: 

1) 20 = Writing the keywords and criteria completely. 
2) 15 = Writing keywords and criteria incompletely. 
3) 10 = The keywords and criteria are missing. 
4) 5 = Writing the answer without keywords or criteria 
5) 0 = did not write the answer. 

 
3.2 Research Subjects 

 
The subjects in this study were 15 chemistry education students in Bandung, 

Indonesia. The subjects chosen were chemistry education students get environmental 
chemistry learning students can have laboratory experimental experience in training 
students' creative and higher-order thinking (creative and critical thinking). 
 
1) Objective 
The main objective of this activity is to provide hands-on experience to chemistry education 
students about environmental remediation that can recover REEs from red mud using 
environmentally friendly EILs by supporting the achievement of SDGs point 15, namely 
terrestrial ecosystems that focus on restoring land degradation. 
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2) Materials Needed 
1. Red mud waste 
2. Eutectic Ionic Liquid (EILs) 
3. Basic laboratory equipment (beakers, pipettes, hotplates, tubes, thermometers, etc). 

 
3) Laboratory experiment procedure 

a. Started with the preparation of drying and pulverizing red mud. 
b. Preparation of Betaine-Levulinic Acid EILs with a molar ratio of 1:7. 
c. Recovery of REEs from red mud was carried out by extracting red mud using EILs, 

namely red mud samples and leached by betaine-levulinic acid EILs.  
d. Subsequent centrifugation to separate the sample solids and EILs 4. 
e. Separated EILs and solid phase samples with their liquid phase, for the solid phase 

washed with methanol and dried then placed in a vial bottle  
f. Observed the colour change in EILs for qualitative analysis and performed 

characterization using XRF for quantitative analysis to determine the composition 
and concentration of extracted REEs. 

g. Filtered the liquid phase (EILs) using a syringe and 0.22 µm nylon syringe filter. 
 

4) Learning outcomes 
 
This laboratory experiment provides students with practical field knowledge of rare 

earth metal extraction. It also highlights the importance of bauxite residue waste recycling 
and responsible consumption and production. In addition, it introduces students to the use 
of EILs in metal extraction, which is a more environmentally friendly and sustainable method. 
The pre-test and post-test results will be processed using the paired sample t-test statistical 
test. 
 
3.3 Classification of Test Instruments 

 
The classification of each pre-test and post-test question is made by the scoring 

rubric and the level of difficulty of the test questions refers to the revised Bloom's taxonomy 
level which is presented briefly in Table 2. 

 
Table 2. Classification of Test Instruments 

Nu. 
Bloom's 

Taxonomy 
Question Indicator Question 

1 (C2) 
Learners can clarify the sources 

and impacts of soil pollution from 
bauxite waste. 

Explain the impact of soil pollution and 
how the buyer process phenomenon of 

bauxite residue occurs in the soil 
environment? 

2 (C3) 
Students are able to explain the 

application overview to tackle soil 
pollution. 

What do you know about eutectic ionic 
liquids and how do you think they can 

be applied as a solution for soil 
pollution treatment? 

3 (C4) 

Students are able to clarify the 
meaning of the definition and 

characteristics of REEs chemical 
compounds 

Why are the 15 lanthanide elements 
plus scandium and yttrium referred to 
as REEs and how are the characteristics 

of these REEs analysed? 
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4 (C5) 

From the picture presented, 
students can analyse the 

elements, reactions and minerals 
contained in the soil 

Observe the picture below! 
Analyses what phenomena occur in the 

soil? 

 

5 (C6) 
Design strategies for soil pollution 

mitigation 

How can the synthesis of eutectic ionic 
liquid react and form, what components 

does it contain and what method is 
appropriate for use as a soil pollution 

treatment? 

 

3.4 Data Analysis 
 

The first data analysis is the N-Gain test, Equation (1) states N-Gain to understand the 
increase in student understanding, the N-Gain value is determined using the formula 
according to Hake as follows: 

𝑁 − 𝐺𝑎𝑖𝑛 =  
((𝑝𝑜𝑠𝑡−𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒)−(𝑝𝑟𝑒−𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒))

((𝑠𝑐𝑜𝑟𝑒 𝑖𝑑𝑒𝑎𝑙)−(𝑝𝑟𝑒−𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒))
   Equation (1) 

 
Table 3 shows the N-Gain value can be used to categorize the improvement of students' 
concept understanding after using the learning model. 
 

Table 3. N-Gain Index Category 

Limitation Category 

g > 0.70 High 
0.30 ≤ g ≤ 0.70 Moderate 
g < 0.30 Low 

 

  Furthermore, the data analysis technique used for student learning outcomes is to 
use statistical methods by analysing test items. Validity and reliability tests were used to 
assess the accuracy of each question used; 5 questions were tested on 15 students. The 
validity of each question is determined using the product moment correlation formula, 
where the results of rcount will be compared with rtabel at t.sig 5% by adjusting the number 
of participants who took the test. If the results of rcount > rtable, then the items made are valid 
(Waminton, 2015). Then for reliability is determined by the Cronbach Alpha formula. The 
validity test results are shown in Table 4 and the reliability test results are shown in Table 
5. 
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Table 4. Test Validity of Test Items 

Type Note 

Number of questions 5 
Number of students 15 
Number of valid questions 1, 2, 3, 4 and 5 
Number of valid questions 5 

 
Table 5. Test Item Reliability 

Parameters Note 

rcount 0.514 
rtable 0.841 
Category Test items classified as high-level reliability 

 

 

Analysis of the level of difficulty of the items was also carried out based on the 
calculation of Robert L. Thorndike and Elizabeth Hagen, the results of the analysis are 
presented in Table 6 where the interpretation of the provisions of the level of difficulty, 
namely p 0.00-0.30 is difficult, p 0.30-0.70 is moderate and p 0.70-1.0 is easy. The next 
statistical method used is the paired sample t-test. The normality test is carried out to 
determine whether the data collected is normally distributed or not. Through this paired 
sample t-test, the difference in the average value of the experimental class test will be known 
whether it is significantly different or not before and after being given the laboratory 
experiment learning treatment. To support the analysis, we used SPSS Version 26. 
 

Table 6. Level of Difficulty of Question Items 
Question 
Number 

Number of 
correct answers 

Number of 
Students 

Difficulty 
index value 

Category 

1 185 15 0.617 Moderate 
2 175 15 0.583 Moderate 
3 170 15 0.567 Moderate 
4 90 15 0.300 High 
5 140 15 0.467 Moderate 

 
 
 

4. RESULTS AND DISCUSSION  

 
4.1 Descriptive Analysis of Learning Outcomes 

 

This research activity was carried out at the Chemistry Laboratory, university in 
Bandung City. The participants of this research were 15 chemistry education students. This 
research activity aims to provide direct experience and understanding and can improve the 
creative and critical thinking of chemistry education students regarding environmental 
management remediation that can recover REEs from red mud using environmentally 
friendly EILs by supporting the achievement of SDGs point 15, namely terrestrial ecosystems 
that focus on restoring land degradation (Table 7). By providing this experience and 
understanding, we want to know the value of student achievement supported by 
quantitative data that before we do learn to students, we first give pre-test questions, then 
treat students and after that we give post test questions. The items have been tested for 
validity, reliability and difficulty level. Based on the results of the validity test results, it can 
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be stated that the items with a total of 5 questions made are valid and high reliability of 
0.841 because the rcount value obtained is greater than rtable. Then for the level of difficulty of 
the questions that refer to the revised Bloom taxonomy and the results of the calculations 
of Robert L. Thorndike and Elizabeth Hagen, that there are 4 numbers of medium questions 
and 1 number of difficult questions.  
 

Table 7. Level of Difficulty of Question Items 

Student Code 
Pretest 
Value 

Posttest 
Value 

N-Gain Value Category 

M1 30 80 0.7 High 
M2 60 90 0.8 High 
M3 60 75 0.4 Low 
M4 50 80 0.6 Moderate 
M5 30 80 0.7 Moderate 
M6 70 90 0.7 Moderate 
M7 35 85 0.8 High 
M8 45 85 0.7 Moderate 
M9 60 80 0.5 Moderate 
M10 60 85 0.6 Moderate 
M11 55 80 0.6 Moderate 
M12 60 75 0.4 Low 
M13 50 75 0.5 Moderate 
M14 50 80 0.6 Moderate 
M15 45 80 0.6 Moderate 

Mean Score 51 81 0.6 Moderate 

 

Based on the table above, that the acquisition of the average value of the results of 
the ability and understanding of student laboratory experiments is the pre-test value of 51 
and the post-test value of 81 from the ideal value of 100. The difference in these values an 
increase value of 30% is obtained. Then from this data it is known that 3 students are 
categorized as high, 10 students are categorized as moderate and 2 students are categorized 
as low. 
 
4.2 Statistical Analysis of Research Results 
Statistical analysis to confirm the results of descriptive analysis, a normality test is carried 
out to determine whether the data is normally distributed or not. The data obtained from 
the pre-test and post-test scores were tested using the normality test on the SPSS Version 
26 program with the Shapiro-Wilk technique. The hypothesis criteria for testing are if the 
significance or probability > 0.05 then the data is normally distributed, H0 is rejected. 
Conversely, if the significance value <0.05 then the data is not normally distributed, H0 is 
accepted. The results of the normality test are shown in Table 8, that the results obtained 
from the pre-test and post-test score data are normally distributed because the significance 
value is greater than and equal to 0.05 that H0 is rejected, which means that there is a 
significant difference between the pre-test and post-test scores. 
 

Table 8. Normality Test Data Based on Shapiro-Wilk 

 Statistic df Sig. 

Pre-test Score 0.152 15 0.284 
Post-test Score 0.270 15 0.050 
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After the normality test, then the significance value is tested to determine the 
hypothesis of significant differences in pre-test and post-test scores. The hypothesis test 
used is a parametric statistical test, namely the Paired Sample T-test because it comes from 
two interrelated variables. This hypothesis test is used to determine whether or not there is 
an average difference between two groups of samples that are paired (related). The point is 
that two samples but get two different treatments and the data used is usually interval or 
ratio scale. The following are the results obtained from the Paired Sample T-test test listed 
in Table 9. 
 

Table 8. Results of Paired Sample T-Test 

Pair 
1 

Pretest 
Score – 
Posttest 

Score 

Mean 
Std. 

Deviatio
n 

Std. 
Error 
Mean 

95% 
Confidence 

Internal of The 
Difference 

t df 
Sig. (2-
tailed) 

Lower Upper 

-
30.667 

13.211 3.411 - 
37.983 

-
23.351 

- 
8.991 

14 0.000 

 
The statistical hypothesis is as follows:  
H0: There is no effect on the results of students' laboratory experiment skills and understanding.  
Ha: There is an influence on the results of the ability and understanding of student laboratory 
experiments. 

 
Based on Table 9 obtained from the paired sample t-test with the basis for decision 

making based on the hypothesis is H0 rejected if the Sig. value is smaller than the α = 0.05 
value, and H0 is accepted if the Sig. value is greater than the α = 0.05 value. The results 
obtained based on the table above show that the significance value (2tailed) obtained is 0.000 
so the value is smaller than 0.050 which indicates H0 is rejected. It can be stated that there 
is an effect of significant differences in the results of the ability and understanding of student 
laboratory experiments. 
 
 

5. CONCLUSION  

 
Environmental remediation that can recover REEs from red mud using betaine-

levulinic acid-based EILs not only provides solutions to environmental problems but also 
serves as an effective educational tool, through laboratory experimentation activities, 
students can improve their skills and understanding of rare earth metal extraction thus 
contributing to the achievement of SDGs. The results of the study found differences in the 
ability and understanding of student laboratory experiments seen from the pre-test and 
post-tests assessment scores there is a significant difference that it can be stated to have 
improved learning, with the average N-Gain value obtained is 0.6. This study was confirmed 
using non-parametric statistical analysis, with items that have been validated and reliable 
and the difficulty level of questions categorized as moderate and difficult. The laboratory 
experiment learning method also provides field practice experience for chemistry education 
students. 
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